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Abstract 

We obtain a new-type of = 3 Yang-Mills Chern-Simons theory from the Mukhi- 
Papageorgakis Higgsing of the J\f = 3 Gaiotto-Tomasiello theory. This theory has M = 1 
BPS fuzzy funnel solution which is expressed in terms of the seven generators of SU(3), ex- 
cluding Tg. We propose that this is an effective theory of multiple D2-branes with D6- and 
D8-branes background in massive IIA string theory. 
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1 Introduction 

Three dimensional Yang-Mills Chern-Simons (YM CS) theories can be realized on brane configu- 
rations in type 11 string theory in two ways. On one hand, one can start with the Hanany-Witten 
type brane configuration which contains D3-branes stretched between two parallel NS5-branes in 
type IIB string theory [1]. The corresponding gauge theory is (2+l)-dimensional A/" = 4 YM 
theory. When one of the NS5-brane is replaced by a (l,/i;)5-brane, CS term with CS level k arises 
in the corresponding gauge theories and the supersymmetry is broken to A/" = 1, 2, 3 depending on 
the orientation of the (l,A;)5-brane with respect to the other NS5-brane [21 [3]. For further progress 
on this issue, see [H El E]- This method of generating the CS term was also used in the type 
IIB brane configuration of the Aharony-Bergman-Jafferis-Maldacena (ABJM) theory [8], which 
describes the dynamics of M2-branes on C^/Z^ orbifold singularity. See also [HI [IDl [H]- On the 
other hand, CS terms are also needed in describing D3(2)-branes dynamics in the background of 
D7(8)-branes [121 US]- In this case the CS term is generated by the monodromy due to the presence 
of the D7-brane [15] in type IIB brane configurations. The corresponding CS term in massive llA 
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brane configurations is obtained by massive T-duality [H]. This phenomenon is closely related 
with the brane configuration of the Gaiotto-Tomasiello (GT) theories [Ml [17]. In particular, by in- 
troducing D7-branes to the type JIB brane configuration of ABJM theory, Bergman and Lifschytz 
constructed the brane configuration of the A/" = GT theory [T8j. For A/" = 3, see [19] Q 

The dimensional reduction of the ABJM theory with U(A^) xU(A^) gauge symmetry [8] via 
the Mukhi-Papageorgakis (MP) Higgsing procedure [23] results in the (2 + l)-dimensional Af = 8 
supersymmetric YM theory with U(A^) gauge symmetry [2U [2S]- The A" = 3 GT theory [TB] 
was obtained from the ABJM theory by shifting the CS levels of the two gauge groups, so that 
^1 + ^2 7^ 0. Apparently, the A" = 3 GT theory is a minor deformation of the ABJM theory, 
however, there are unanswered questions about this theory. This is mainly because of the fact 
that there is no clear argument about the related brane system. In order to clarify this point, we 
apply the MP Higgsing procedure to the Af = 3 GT theory and obtain (2 + l)-dimensional A^ = 3 
YM CS theory with U(A^) gauge symmetry and CS level ki + k2 = Fq. This A/" = 3 YM CS theory 
is different from the one studied in [221 EZj because it contains four massless scalar fields and 
their fermionic superpartners in addition to the three massive scalar fields in the massive vector 
multiplet, which are also present in the latter theory. It is also true that our theory has A/" = 1 
BPS fuzzy funnel solution and (R"^ x S^)^ /Sn vacuum moduli space while these are trivial in the 
theory in [261127]. 

Even though the brane configuration for the original A/" = 3 GT theory is unclear, the structure 
of the moduli space and the fuzzy funnel solution provide an insight in to the branes configuration 
for our A" = 3 YM CS theory. In this paper we argue that in massive IIA string theory, YM 
CS theories with U(A^) gauge symmetry describe the low energy dynamics of coincident D2- 
branes in the background of D8-braneo We also show that the presence of three massive and 
four massless scalar fields, which are matter contents of our A/" = 3 YM CS theory, implies the 
branes system should contain D6-branes. More precisely, the brane system includes coincident 
D2-branes in the background of |Fo| D8-branes, which have one common spacial direction with the 
D2-branes, and |Fo| D6-branes, which have two common spacial directions with the D2-branes. 
The four massless scalar fields represent the position of the D2-branes inside the worldvolume of 
the D6-branes while the three massive scalar fields represent the position of the D2-branes along 
the directions transverse to the D6-branes in the presence of the background D8-branes. 

The remaining part of the paper is organized as follows. In section 2, we apply the MP Higgsing 
procedure to the A/" = 3 GT theory and obtain A/" = 3 YM CS theory. In section 3, we find the 
vacuum moduli space and A/" = 1 BPS fuzzy funnel solution. In section 4, we propose the brane 

^Some aspects of A/" = 2,3 GT theories were also discussed in [501 [HI 
^See [5H1[2S] for earlier considerations in the case of single D2-brane. 
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configuration for our A/" = 3 YM CS tlieory. In section 5, we discuss our results and propose tlie 
type JIB brane configuration of tlie A/" = 3 GT tlieory. 



2 Af = 3 YM CS Theory 
2.1 Af = 3 GT Theory 

Based on the M = 2 superfield formulation of [TB], the component field expansions of the GT 
theories were obtained in [22]. For clarity of presentation we copy the Lagrangian of the A/" = 3 
GT theory, 



bos) 



(2.1) 



where 

•^ferm 
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2m 
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k2 



47r^ 



-tr 



kik 



-tr 
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4tr 



-tr 



[Z^Z\ - W^^W^Z''{ZlZ'' - WcW^^)zl, 
+ {Z^Z\ - W^'^Wa)W^^{zIz^ - WcW^^)Wb 
[Z^Z"^ + WaW^^) {Zlz^ - WbW^'^) [Z^Z^ - WcW^^) 
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kl k2 kl k2 

+ (^z^WbZ'' + ^z^WbZ^) (^ziw^^zl + ^zlw^^zi) 

kl K2 kl k2 



(2.2) 



In A/" = 2 superfield formalism and Wa = 1,2) are the scalar components of chiral su- 
perfields and Wyi, respectively, whereas and oja are their fermionic superpartners. 
and Ay, are the vector components of the vector superfields Vi and V2, respectively. The = 3 
supersymmetry transformation rules for these component fields are as follows [22] : 



bZ^ = ze^^ - r/w"^^, 6Wa = ieuA + V^\, 



= -D.Z^r^ - (riZ\ + Z^a^e - ^eW^^'zj.W^^ - ^eW^^'zlW^'' 



Sua = -D^WAl^e + WAa^e - a^W a^ - —eZ^W^'^Z^j, - —eZ^j^W^'' Z\ 

kl K2 

- tD^Z^^T] + t7]Z\ai - ir]a2Z\ - —t^WaW^'^zI - —7^z],W^^Wa, 

kl k2 

1 1 - 

SAy = -{e-fyXi + XiT^e) - 2 (^^mCi - <i7m^)> 

SAf, = ^ (e7^X2 + X2l^^e) + ^ (r/7;,C2 - <27/.^) , (2.3) 

where e and e are complex two component spinor and its complex conjugate, whereas 77 is a 
complex spinor satisfying f] = —it]. Here we also defined 

ai ^ '^^{Z^Zl - W^^Ws), a2 ^ -|^(4^'' - W^W^^), 
kl k2 

Kl K2 

kl k2 

In the next subsection we apply the MP Higgsing procedure to the Lagrangian (12. ip and the 
corresponding supersymmetry transformation rules (12.31) and obtain the A/" = 3 YM CS theory. 



2.2 MP Higgsing of the A/" = 3 GT Theory 

An important step in the MP Higgsing procedure is to turn on vacuum expectation value v for 
a scalar fields along which the bosonic potential is fiat. The only fiat directions for the bosonic 
potential in the A/" = 3 GT theory are the tilted directions, Z^ ± W'^'^ and Z^ ± W'^^. In order to 
turn on the vacuum expectation value for a specific field, it is convenient to make field redefinitions 
which align the scalars along the fiat directions of the potential. The appropriate field redefinitions 
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for bifundamental fields are 

^ " 71 ' 

wfiere o"^ is tfie Pauli matrix ai. Tlie A/" = 3 GT Lagrangian is rewritten in terms of the redefined 
fields in appendix Rl 

The MP Higgsing procedure of the AB JM theory involves a double scaling limit of large vacuum 
expectation value and CS level k, keeping the ratio v/k finite. This can be applicable to the GT 
theory by setting ki = k and k2 = —k + Fq and taking the same scaling limito The appearance of 
the Chern-Simons levels in the fermionic and bosonic potentials suggests the following expansions 
in powers of for finite Fq, 

k2 k\ k 



U2 U2\'U'U2' 

We proceed by turning on the vacuum expectation value for a scalar field, which breaks the 
gauge symmetry from U(A^) xU(A^) to U(A^) as follows: 

2 



X 



A 



i)A + #yl+4, A'^^ = i)A+2 + #A+6- (2.7) 



Here the fields = 1, ■ ■ ■ , 8) and '^/^^(r = 1, ■ ■ ■ , 8) are Hermitian and transform in the adjoint 
representation of the unbroken U(A^) gauge group. In the double scaling limit of — )■ oo with 
finite v/k, the covariant derivatives for the bosonic and fermionic fields are written as 

D^Y^' = D^X^ + ib^X\ D^X^ = b^X^ + ib^X^^^^ 
D,e = b,i^^ + D^uj^^ = b^ij^^^ + (2.8) 



where = |(v4^ ± A^), D^X = d^X + ?[v4+, X], and we have made the gauge choice — )■ 
A~ — ^D^X^ in the first line. In writing (12. 8 p we have also used the fact that the auxiliary field 
A~ is of the order ^ and neglected terms of this order or higher. 



^In massive type IIA gravity, which is the gravity dual of the GT theory, Fq is identified as the Romans mass 
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Using (12. 7p and fl2.8p . from the kinetic and the Chern-Simons terms in the A/" = 3 GT La- 
grangian we obtain 



cs 



tr 



^ ZTT 



+ 



An 



2^ + + + 



(2.9) 



where = 9^v4+ — di^A^ + z[v4+, and i = 1,- ■ - 7 since is ehminated by the gauge choice. 
Solving the equation of motion for the auxihary gauge field A~ we can expresses it in terms of the 
field strength of the dynamical gauge field as 



A: 



vp 



2gv 



'^p. ypi 



(2.10) 



^ is the Yang-Mills coupling. For dimensional reason it is also necessary to rescale 



where g 

all the matter fields as — )■ ^0. Then we obtain 



1 



cs 



:tr 



9' 



\FpuF^'' - b.X^b^X^ + i^rYb.^r + ^e>^''p{Ald,A-; + . (2.11) 



Using (12. 6 p and (12. 7p the Higgsing of the potential terms is tedious but straightforward. In 
particular, from the fermionic potential we obtain Yukawa type coupling and fermionic mass term, 
which are given by 



ferm 



tr 



1 



47r 



9 



(2.12) 



where F^'^'s are seven dimensional Euclidian gamma matrices in a particular representation which 
is determined by the Higgsing procedure (see appendix [B]) , and /i^^ is fermionic mass matrix given 
by 

/-10001000\ 
1 1 
10 0-10 



^=2 



1 1 

10 0-1000 

1 1 

-1 1 

Voooioool/ 
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For convenience we write the Lagrangian in terms of the fermionic fields which are eigenstates of 
this mass matrix. The mass matrix can be diagonahzed by an orthogonal matrix as follows 

/i = o'^fiO = diag(-l, 1, 1, 1, 0, 0, 0, 0), 



(2.13) 



where O is given by 



= ^ 
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v 





1 
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/ 



Then the fermionic mass eigenstates are 

= "^(^5 - ^1, IpS + ^4, -ipr - ■ipS, ^6 + ^2, 1p8 - ^4, ^7 + ^3, ^^6 " V^2, V'S + i'l)- (2.14) 

This transformation also modifies the gamma matrices as 

f , = O^T.O. (2.15) 

Then we can write 



•^ferm o tr 

9^ 



1 fiFog\ 



An 



(2.16) 



The fermionic kinetic term in (12. lip is invariant under the transformation f l2.14p . 

The Higgsing of the bosonic potential is even more involved than that of the fermionic potential, 
however, the algebraic procedure is similar. As a result of such lengthy algebra we obtaiE0 

1 



bos 



rtr 



(2.17) 



\ 167r2"''' 27r 
where the nonvanishing components of the bosonic mass matrix Mij and the antisymmetric con- 
stant tensor Tijk are 



M33 

^567 



M44 = 



M55 = 
= ^369 



345 



-378 



479 



589 



1 

6' 



(2.18) 



^For later convenience we have made renaming of scalar fields as follow: , X^ X^ , X^ — > X^, 

X^ X'^, X^ X^, X^ X^, X'^ X^ . The same renaming applies to the gamma matrices F^. 
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In summary, the total Lagrangian of the Higgsed theory is written as 



where 






■^YM = 


9^ V 


2 


Cfo = 


47r ^ 





C = Cym + Cf,, (2.19) 



Cf, = ^tT{e^''^{A+d.A+ + JA;AtA;)+^f^^^i,ri's-2^f,,,X^[X\X'] - ^M,,X^P). 

This is the A/" = 3 YM CS theory anticipated at the end of the previous subsection. For vanishing 
Fq this reduces to A/" = 8 super YM theory as expected. In literature (2+l)-dimensional A/" = 3 
YM CS theory was already studied [261 HZ]- this case the theory can be obtained from the 
A/" = 4 YM theory by adding CS term, which breaks one supersymmetry. The field contents of 
the later differ from the field contents our A/" = 3 YM CS theory by four massless scalars and their 
superpartners. The Lagrangian of [2^ ITT] can also be obtained by turning off four scalar fields 
^6,7,8,9 ^Q^j, Majorana fermions V'5,6,7,8 in our YM CS Lagrangian. 

The supersymmetry transformation rules of fl2.19l) are obtained as a result of the Higgsing of 
the corresponding transformation rules in the original GT theory given in (12. 3p 
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6iJr = 2F^.cT^^e, + Tl'^^esD^X' - r[;e,[X\ X^] - ^j2^^ffetX\ (2.21) 
where the nonvanishing supersymmetry parameters are 



e. = -^(e-.e), ^3 = --^,, e, = ^ie + ^e), (2.22) 



and 



= -lirY - 7V), f., = ^(f.f, - f,f,). (2.23) 

Actually, the Higgsing of fl2.3l) gives the supersymmetric transformation rules of the dynamical 
fields, which are the seven scalar fields X*, the eight fermionic fields ipr, and the gauge field A^, as 
well as the transformation rules for the auxiliary gauge field A~, and the would-be Goldstone boson 
X^. However, the fields A~ and X^ are integrated out from the action and their transformation 
rules, which are not listed in f l2.2ip . are irrelevant. 
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3 Vacuum Moduli Space and Fuzzy Funnel Solution 



3.1 Vacuum moduli space 

In order to understand the brane configuration for our A/" = 3 YM CS tlieory in fl2.19p . we start 
by figuring out tlie vacuum moduli space of tlie theory. The bosonic potential in f l2.17p can be 
written in a positive-definite form as follows: 

^bo. = 4^ E I ((1 - ^)r-- - (1 + mf) [X\ X^] + ((1 - Orf - (1 + i)tt) , (3.24) 



r=l 



where B = and we have introduced the notation lOP = tiO'^O. We obtain the vacuum 

equations from this positive-definite potential, 

[X", X^] = 0, [X^ XP] = 0, 
/3X3 + z([X^X9] + [X^X«]) = 0, 
(3X^ - X«] - [X', X^]) = 0, 

+ + [X\X^]) = 0, (3.25) 

where a,b = 3,4,5, p = 6, 7, 8, 9. The solution of (13.251) is 

X"" = 0, X^ = diagonal matrices. (3.26) 

The diagonal matrices X^'s represent the full moduli space of the theory. The fact that the N x N 
scalar fields are diagonal on the vacuum moduli indicates that the U(A^) gauge symmetry of the 
theory is broken to U(l)^ x S^, where the permutes the diagonal elements of the matrices. 
Thus the moduli space including the effect of the dual photon in (2+l)-dimensions is given by 

M ^ fi^. (3.27) 

3.2 Fuzzy funnel solution 

In this subsection, we will obtain fuzzy funnel solution of BPS equations in our A/'=3 YM CS 
theory. The Killing spinor equation of the supersymmetry variation (12.211) is written as 

6i>r = iF^u^y^^er + TYi^esD^^X' - f [;e,[X\ X^] - qX^ = 0. (3.28) 

In order to obtain a fuzzy funnel solution, we consider the following projection to the super- 
symmetry parameters, 7^62,3 = 62,3 and also set = 0. The resulting fuzzy funnel solution reduces 
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the number of supersjTumetries by 1/3, i.e., it has A/" = 1 supersymmetry. We also assume the 
vanishing gauge field and a static configuration. Under these conditions, the BPS equations are 



tl'diX' = 0, 

Tl'd2X' - f[;[X\ X^] - /3/i'-*ff X* = 0. (3.29) 

The first line of fl3.29p can be satisfied by choosing a configuration which does not depend on 
Xi direction. From the second line of (13.291) we have 

d2X^ - i[X\ X^] = 0, SsX^ - i[X^ X^] = 0, 

d2X^ - (3X^ + i{[X\ X«] + [X\ X^] - [X\ X^]) = 0, 

(5X^ + ^([X^X9] + \X\X^]) = 0, /3X5 + ^([X^X^ + [X^X'']) = 0, 

^aX^ - ^[X^ X«] = 0, ^sX^ + z[X^ X^] = 0, 

^2X8 - ^[X^ X^] = 0, ^sX^ - ^[X^ X^] = 0, 

[x^ x^] - [x^ x^] = 0, [x^ x^] + [x^ x^] = 0, 

[x^ x^] + [x^ x^] = 0, [x^ x^] + [x^ x^] = 0. (3.30) 

Comparing the equation in the second line with the remaining equations, it appears natural to 
divide it into the following two equations 

/3X^-^([X^XV[^^^']) = 0, 92X^ + ^[X^X^] = 0. (3.31) 

Then from the first and the second lines of (I3.30p we obtain 

92X" = ^e'^'"=[X^X"], (a,fe,c = 3,4,5). (3.32) 

These are the Nahm equations with the fuzzy two sphere solution, in which the scalar fields X^'^'^ 
are proportional to the generators of SU(2). However, the fuzzy two sphere configuration does not 
satisfy the remaining equations in (13.301) . It is also important to notice that there is no nontrivial 
solution satisfying the equations (13.301) in the case of U(2) gauge group. For X > 3, an interesting 
solution exists and it can be expressed in terms of seven generators of SU(3). Explicitly, we can 
write 

X^ = g{x2)T,, X' = g{x2)T2, X'' = g{x2)T,, (3.33) 

where Ti.2,3's are the SU(2) subgroup elements of X-dimensional representation of SU(3). Then 
from (13.321) we easily obtain 

9{X2) = —■ 
X2 
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The remaining equations of f l3.30p can be solved by choosing X^''''®'^ in terms of the rest of 
generators of SU(3), excluding Tg, 

X6 = /i(x2)T4, X'' = h{x2)T5, X^ = -h{x2)n, X^ = h{x2)T^, (3.34) 

where 

h{x2) = ±^ (5 g{x2) = ±\ — ■ 

V X2 

Here we would like to point out an important difference between our A/" = 3 YM CS theory and 
a similar theory in [261 122] • As we pointed out before, the latter theory can be obtained from 
ours by turning off four massless scalar fields, X^''''^'^, which means in that case the fuzzy funnel 
solution in f l3.33p and f l3.34p is not allowed for nonvanishing /3. As we will see in the next section, 
together with the vacuum moduli space, this M = 1 BPS solution provides useful insights about 
the brane configuration of our theory. 

4 Brane Configuration 
4.1 Generation of CS terms 

In order to pave a way for the understanding of the brane configuration, which can be described 
by our YM CS theory obtained in section 2, we briefly summarize some brane configurations in 
the literature. These brane configurations are described by gauge theories involving CS terms. We 
start with a type IIB brane system where two parallel NS5-branes separated along one direction 
of the worldvolume of D3-branes. The remaining two worldvolume coordinates of the D3- 
branes are parallel to the corresponding coordinates of NS5-branes. In the low energy limit, this 
configuration is described by (2+l)-dimensional A/" = 4 YM theory with gauge group U(A^) [1], 
where all fields transform in the adjoint representations. Since the two NS5-branes are parallel, 
the three scalar fields, representing the positions of the D3-branes inside the worldvolume of 
NS5-branes, are massless. 

Now we replace one of the NS5-branes with a (l,A;)5-brane (a bound state of an NS5-brane 
and k D5-branes) in a tilted direction with respect to the other NS5-brane. Then the D3-branes 
cannot move freely and this fact translates into mass terms for the three scalar fields on the field 
theory side. The A/" = 4 supersymmetry of the original theory is broken to A/" = 1,2,3 theories, 
depending on the choice of the direction of the (l,/c)5-brane. The corresponding effective field 
theories for these cases are obtained by including the CS terms with CS level k in supersymmetric 
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ways [21 [3]. Such CS term is introduced in order to cancel the surface term originated from the 
boundary condition of the (l,fc)5-brane in the equation of motion of the gauge field [21 [3]. 

The brane configuration of the ABJM theory |E] is based on the brane system of the A/" = 3 
YM CS theory [261 l2Z]- An important difference is the fact that the two parallel NS5-branes 
are separated along a compact direction of the worldvolume of D3-branes. In this case, the 
D3-branes, which wind around the compact direction, can break on the NS5-branes resulting in 
a (2+l)-dimensional Af = 3 YM CS gauge theory with gauge group \Jk{N) x U_fc(A^) [S]. At the 
infrared fixed point, this becomes conformal and the supersymmetry is enhanced to A/" = 6. One 
can also add I fractional D3-branes, suspended on one side of the interval between the NS5-brane 
and the (l,A;)5-brane. Then the corresponding effective field theory becomes Af = 3 YM CS theory 
with gauge group U(A^ + l)k x U(A^)_fc or \J{N)k x U(A^ + l)-k depending on the side on which 
the fractional D3-branes are added jlUj . 

Along a different line of thought, CS terms are also required in order to describe brane systems 
involving D7- or D8-branes fTH [T31 [IB]- The configuration with D8-branes can be understood by 
the massive T-dualization of that of D7-branes [H]. In [18], a D7-brane was added to the brane 
configuration of the ABJM theory as follows: 



Here we have omitted 5-branes for simplicity. This configuration breaks the entire supersymmetry. 
Since the D7-brane is a pointlike object in the {x^, X6)-plane, it sources a SL(2,Z) monodromy on 
the plane, r — > r + ijf] i.e., Co — ?■ Co + 2n for the axion. This monodromy is the result of a branch 
cut emanated from the D7-brane with the direction of the cut chosen to cross the D3-branes. 
Then the Wess-Zumino type coupling for the D3-branes generates a CS term: 



To summarize, we have seen two ways to generate the CS term in the descriptions of brane 
configurations in (2+l)-dimensional gauge theories. The CS term in our A/ = 3 YM CS theory is 
related to the configuration involving D7- or D8-branes. In the next subsection, we construct the 
brane configuration for our JV = 3 YM CS theory starting with type IIB brane system involving 
D7-branes. 

^We define the complex combination of the axion field Cq and the dilaton field (p as t = ^ + ie~'^. 



0123456789 



N D3 



1 D7 




(4.35) 
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4.2 Massive IIA brane configuration 

The type IIA string theory on AdS^ x CP'^ with q D8-branes (g = |-Fo|) wrapped on CP^ was 
proposed as a dual gravity of the A/" = 3 GT theory [19]. Based on this and the type IIB brane 
configuration of the A/" = 6 ABJM theory, we propose the type IIB brane configuration of the 
A/" = 3 GT theory as follows: 








1 2 
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6 7 
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N D3 




• • 








• 






NS5 




• • 
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• 








{l,k)5 
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cos^ 


cos^ 


cos 6' 


sin 6 


sin 6 


sin 6' 


q D5 




• • 








• 


• 
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q D7 






• 


• 


• 


m 


• 


• 



Table 1: The NS5-brane, q D5-branes, and q D7-branes are located at the same point along the 

X6-direction. 

where 6 represents a compact direction and 6 is the orientation of the (l,A;)5-brane relative to 
NS5-brane in (x3,X7)-, (x4,X8)-, and (x5,X9)-planes, and tan^ = k, assuming the string couphng 
Qs = 1 and RR axion is vanishing. In addition to the brane configuration of the ABJM theory, 
this configuration contains q D7-branes and additional q D5-branes in a supersymmetric way. The 
D7-branes are results of the T-dualization of the D8-branes in the proposal of [12], while the 
additional D5-branes are included in our proposed brane configuration for the reason that we will 
explain below. 

The MP Higgsing procedure in ABJM theory includes two important steps, which are iden- 
tification of the two gauge fields with each other and moving the M2-branes far away from the 
orbifold singularity. In the corresponding brane configuration these actions are interpreted as sep- 
arating the D3-branes from the five-branes and moving them far away in the transverse directions. 
After the separation, the T-duality along the compact direction will give the brane configuration 
with coincident D2-branes, and the corresponding effective field theory is the Af = 8 YM theory 
in (2+l)-dimensions. This procedure does not break supersymmetry. 

Even though the M-theory uplifting of our proposed brane configuration is unclear, we can 
apply the MP Higgsing procedure to this brane configuration as well. This corresponds to moving 
the NS5- and (l,/i;)5-brane far away from the D7-D3-D5-brane system in the transverse directions. 
This results in the type IIB brane configuration with D3-branes intersecting q D7-branes along 
one common spatial direction and q D5-branes along two common spatial directions as follows: 
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2 3 4 


5 6 7 8 
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N D3 


• 
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• 




q D5 


• 


• 


• 


• • 


• 


q D7 


• 


• 


• • 


• • • 


• 



Table 2: Type IIB brane configuration for M = 3 GT tiieory after the MP Higgsing. 

Unlike the brane configuration in [18] ours is supersymmetric. Based on the discussion in the 
previous subsection, q D7-branes generate CS term with CS level ±q depending on the relative 
orientation of D3- and D7-branes. 

Applying massive T-duality along xg-direction from IIB configuration with D7-branes to mas- 
sive IIA configuration with D8-branes [T5j, we obtain the following brane configuration: 








1 


23456789 


TV D2 
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q D6 
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• • • • • 


q D8 









Table 3: Massive IIA brane configuration for J\f = 3 YM CS theory 

where 6 denotes the new direction appeared after the T-dualization along xg-direction. This brane 
configuration is expected to coincide with the brane configuration described by the A/" = 3 CS YM 
theory discussed in section 2. 

Next we use the vacuum moduli space and the fuzzy funnel solution in section 3 to discuss 
the importance of D6-branes in the brane configuration of massive IIA string theory in Tab. 3. 
From the vacuum moduli space in (13.271) we can infer that there are three massive directions for 
which (X^'^'^) = and four fiat directions for which (X^''^'^'^) = diagonal. The former indicates 
the fact that the D2-branes are not free to move in these directions, while they are free to move 
in the remaining four transverse directions. This moduli space and the supersymmetry structure 
in the massive IIA gravity [12] suggest the presence of D6-branes parallel to the D2-branes in 
addition to D8-branes. Moreover, the = 1 BPS fuzzy funnel solution, in which the seven 
transverse scalar fields are proportional to the seven generators (excluding Tg) of SU(3) with X2- 
dependent coefficients, also seems to support our brane configuration. The solution is given by 
X3A,5 ^ (l/x2)Ti,2,3 and X^'^.s-s ~ {1/^^)^,5,6,7- The (l/x2)-dependence oi X^'^'^ indicates the 
localization of the D8-branes along those directions without any interference from the D6-branes. 
On the other hand the (l/y^)-dependence of X^'^'^'^ indicates mild localization of the D8-branes 
along those directions due to an interference from the D6-branes which span the X2-direction. 
Further evidence for this brane configuration should come from the BPS solutions in the massive 
IIA gravity. We leave this possibility for future investigation. 
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5 Conclusion 



In this paper we carried out the MP Higgsing of the A/" = 3 GT theory and obtained A/" = 3 YM CS 
theory in (2+l)-dimensions with U(A^) gauge symmetry. We also verified that the MP Higgsing of 
the supersymmetry transformation rules of the GT theory results in the corresponding rules in the 
YM CS theory. Compared to the MP Higgsing of the AB JM theory, the present case is more subtle 
because of two reasons. First, non of the four complex scalars in the GT theory represent the fiat 
direction of the bosonic potential and they can not acquire infinitely large vacuum expectation 
values. We overcame this problem by introducing field redefinitions which rotate the scalars to 
the fiat directions of the bosonic potential. Second, in the GT theory we have two CS levels ki 
and k2 and it is not clear how to take the large CS level limit. We took /ci, /c2 ^oo limit under 
the assumption that ki + k2 = Fq and Fq is a finite dimensionless parameter. It turns out that 
the Fq is the CS level in the resulting YM CS theory. 

Earlier, A/" = 3 YM CS theory was studied from different perspective ^7\. This theory is 
a deformation of the A/" = 4 YM theory in (2+l)-dimensions by a CS term. On the other hand, 
our A/" = 3 YM CS theory is a similar deformation of the A/" = 8 YM theory in (2+l)-dimensions. 
By comparing these two theories, one can realize that the former is obtained from the latter 
by turning off four massless scalars and their fermionic superpartners. An interesting difference 
between these two theories is the fact that in our theory we could find a non trivial fuzzy funnel 
solutions to the BPS equations while in their theory such BPS solution does not exist. In addition, 
the vacuum moduli space in our theory is (R^ x S^)^ /Sn, while it is trivial in their theory. 

Since the A/" = 3 YM CS theory we obtained in this paper is new, we found it interesting to 
figure out the brane configuration which can be described by this theory. We proposed that the 
theory describes the dynamics of coincident D2-branes in the background of q D6-branes and 
the same number of D8-branes, q being the absolute value of the CS level Fq. More precisely, 
the branes system contains D2-branes extending along the directions Xo,i,2; Q D6-branes along 
the directions xo,i, 2,6,7,8,9, and q D8-branes along the directions xo,i,3,4,5,6, 7,8,9- As a confirmation 
of our brane configuration, we obtained A/" = 1 BPS fuzzy funnel solution which indicates the 
localization of the D8-branes along the a;2-direction and supports the presence of D6-branes. 

The massive HA supergravity [30] is the low energy limit of the massive HA string theory. This 
supergravity theory has many (non)supersymmetric solutions of the form AdS4 x JHq [SUl EB E21 
|33| [M| |35| [36| 120} [37] . where A^e represents a six dimensional manifold. The supersymmetries of 
these solutions are less than A/" = 3. Since our massive HA brane configuration in subsection 14.21 
has A/" = 3 supersymmetry, finding the corresponding solution in gravity side will be interesting. 



16 



Acknowledgements 



The authors would hke to thank Min- Young Choi, Shinsuke Kawai, Yoonbai Kim, Sangmin Lee, 
Cornehu Sochichiu, Takao Suyama, and Tadashi Takayanagi for helpful discussions. This work 
was supported by the Korea Research Foundation Grant funded by the Korean Government with 
grant number 2011-0009972 (O.K.) and 2009-0077423 (D.D.T.). 

A JV = 3 GT Lagrangian after Field Redefinition 

After the field redefinition (12. 5p . the A/" = 3 GT Lagrangian in (12. ip is rewritten as 
\x'\\-X^XA){X^Ys + Y^'xy) 



-^ferm ; 

ki 



+ \ (A^^Xi - ^^^YA - iX^Xa + Y^W) {X^^X^ - ^x^Ys - iX^Xs + Y^\'s) 
+ \ {x^X\ + iX^^Ya - Y^^Xa - iX\\) (x^X^ + at^F^ - Y^^Xs - ^X\^^) 
+ ct^c^^dKx^A^ + X^^x'aW'^xI, - X^Ys) + ^(At^A^ - X^x!,)(X^Xt, - Y^^Ys) 



- ^(x^Xt - ^X^CYA - Y^^Xa + ^X^x\){x''X^^ - tX^^Y^ - Y^^Xs + zX^ 



+ i(At^Xt + ^^CYA + zX^A^ + Y^^ x'a){\''' + ^x^Ys + zX^A^ + Y^^x's)] 
+ ?tr [(xl^At^ - XaX^' WbX'' + Xt ytB) 

+ \ (Xt At^ - iYaX^ - ^XaX^ + x'aY''') (^U^^ - ^YBX'' - ^A^X^ + x'sY^ 
+ i(xt x^ + ^YAX^^ - XaY^^ - ^x\X^) {xU' + ^YsX^^ - X^Y^^ - ^xW) 

+ ^A^'^if {(AcX^ + xJ.At^)(Xj,Fti^ - YnX^) + z(AcAt^ - " YdY^ 

- \{Xlx^ - lYcX^^ - XcY^^ + ixU^){xU'' - ^YnX^^ - X^Y^^ + ^xW) 
+ ^(XjAt^ + tYcX^ + zAcX-^ + xlY^^)iXj,X^'' + ^YDx'' + ^Az,X^ + xl.V'^^)} 
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and 

•^bos 



47r2 



-tr 



X 



(X^X^ - X^Ya - Y^^X\ + Ft^rA)(X^Xj - X^Fc + ^'^''xj - F^^Fc) 



47r2 



(X^X^ + FdX^ + X^yti? + y^yti?)(xJ,X^ - F^X^ + XjytA _ YcY^^) 

"(X^X^ + F^ytA) (^^yti? + y^^B) ^^JytC + y^^C^ 



X 



(X^X^ + YaX^ + X^ytA + YaY^^){xIx'' - YcX"" + Xj^yts _ y^ytE) 



D 



-tr 



(X^Xj, - X^Yc - Y^^Xl + Y^^Yc){X^X\ - X^Ya + Y^^X\ - Y^^Ya) 
\x^Ya + Y^^X\) {X^(XjFtc + y^x^)xjj + Fti?(xjytc + 



D 



+ ^cr/a^^(X^Xi + X^Yo - F^^X], - Y^^Y, 

X (X^Xj - X^Fc - Ft^Xj + Ft^Fc)(X^X;^ - X^F^ + F^^X^ - F^^F^) 
+ \^B^%{X\X^ + >^aX^ - Xt ytB _ y^ytB) 

X (X|,X^ + YdX^ + Xl^Ft^ + FDFt^)(XjX^ - FcX^ + Xj^F^^ - FcF^^) 
+ ^^if + YdX^ - X^Ft^ - Fz^Ft^) 



X 



(XjX^ + F4X^ + X\Y^^ + F4F^^)(Xj,X^ - FcX^ + xJf^^ - F^F^^) 



+ \ajPcj%{X^X^^ + X^Fz, - Ft^Xi - Ft^Fz,) 

X (X^xi - X^'Ya - F^^xi + F^^F^)(X^Xj, - X^Yc + F^^xj - Y^^Yc) 

(A.36) 



B Seven Dimensional Euclidean Gamma Matrices 

In subsection 2.2 we have seen that the MP Higgsing of the fermionic potential gives the fermionic 
mass term and Yukawa-type couphng which is expressed in terms of seven dimensional Euclidean 
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Gamma matrices. In this appendix we list the the Gamma matrices which were determined by 
the Higgsing procedure, 
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